Modular metabolic engineering of lysine supply for enhanced production of bacitracin in Bacillus licheniformis.
Bacitracin is a kind of macrocyclic dodecapeptide that produced by Bacillus, precursor supply served as a critical role in bacitracin production, here, the aim of this study wants to improve bacitracin production by enhancing Lysine (Lys) supply via metabolic engineering of B. licheniformis DW2, an industrial strain for bacitracin production. Firstly, exogenous addition of Lys was proven to be favorable for bacitracin production, and the strain LYS2 was attained through strengthening Lys synthetic pathways via overexpressing diaminopimelate decarboxylase LysA from B. licheniformis and diaminopimelate dehydrogenase DdH from Corynebacterium glutamicum, and the bacitracin produced by LYS2 was increased to 838.53 U/mL by 10.85%, compared with that of DW2 (756.45 U/mL). Secondly, oxaloacetate, the precursor of Lys, was accumulated by overexpressing pyruvate carboxylase PycA in LYS2, and 17.06% increase of bacitracin yield was attained in LYS3 (885.53 U/mL), compared with DW2. Thirdly, lysine decarboxylase gene yaaO was deleted to weaken Lys degradation, and the attained strain LYS4 showed further increased bacitracin production from 885.53 to 923.43 U/mL. Lastly, the transporter LysE was confirmed to act as a Lys exporter; LysP and YvsH were identified as the Lys importers in B. licheniformis DW2, and bacitracin yield was increased to 975.43 U/mL by 28.95% in final strain LYS5 via engineering the Lys transporters. Taken together, this study implied that metabolic engineering of Lys supply modules is an efficient strategy for enhancement production of bacitracin, and provided a promising strain of B. licheniformis for industrial production of bacitracin.